R ecovery of walking ability is the most frequently stated goal for patients after stroke. 1 In the first week poststroke, 63% of patients are unable to walk independently and 50% cannot walk even with assistance. 2 Patients and therapists naturally focus on improved walking function as a primary goal in acute and subacute stroke rehabilitation.
Gait speed has been shown to be sensitive to change over time 3, 4 and significantly correlated with level of disability in people with stroke. 5, 6 Perry et al 5 identified gait speed categories that correlated with progressive levels of functional walking and disability. People walking at speeds of Ͻ0.4 m/s were household ambulators, people walking at speeds of Ն0.4 m/s but Ͻ0.8 m/s were limited community ambulators, and people walking at speeds of Ն0.8 m/s were able to walk in the community without substantial limitations. As people with stroke recover gait speed and transition between these categories, they experience substantially better function and quality of life. 6 
Minimal Clinically Important Difference
Gait speed of an individual poststroke can be referenced as a percentage of age-and sex-matched normative values. 7 However, reference values that define clinically meaningful changes in gait speed are lacking. Thus, clinicians lack the reference values needed to answer questions such as, "How much improvement in gait speed is necessary for my patient to achieve a meaningful improvement in level of disability?" The minimal clinically important difference (MCID) is a reference value that addresses this clinical question. The MCID represents the smallest change of score in an outcome measure that a patient would perceive as beneficial. 8 Clinicians can use the MCID to interpret the clinical relevance of changes observed in an individual poststroke. Researchers can use the MCID to determine the magnitude of difference between groups needed to identify an important benefit of one intervention over another. For people with stroke, the MCID has been estimated for the Functional Independence Measure, 9 the Barthel Index, 10 and several upper-extremity measures. 11 Perera et al 12 estimated small meaningful change for gait speed in a cohort of 692 older adults, including 100 people with stroke; however, their study focused on meaningful changes for decline in function. The MCID for gait speed also has been estimated for people with hip fracture. 13 To our knowledge, the MCID has not been estimated for changes in gait speed associated with improved function among people with stroke.
Minimal Detectible Change
Minimal detectible change (MDC) is another commonly reported reference value for interpretation of clinical outcome measures. Whereas the MCID indicates clinically meaningful change, the MDC indicates the amount of change required to exceed measurement variability. 14, 15 That is, the MDC represents the smallest change on an outcome measure that would be considered "real." The MDC is derived using the distribution, variability, and reliability of an outcome measure when it is studied in a stable population at 2 time points.* Thus, for the clinician, knowing the MDC would indicate whether a difference observed between 2 measurements on the same patient represents a true difference in performance or whether the difference could be expected due to in-* MDCϭSEM(1.96) ͌ 2, where SEMϭstandard error of the measure, 1.96 represents the z score for a 95% confidence interval, and the ͌ 2 accounts for the difference of 2 variances used to derive SEM. SEMϭSD( ͌ 1Ϫr), where SDϭstandard deviation of within-subject testretest differences and rϭmeasure of reliability (test-retest reliability or Cronbach alpha). 16 • Video: In honor of Dr Jacquelin Perry, view art by patients from Rancho Los Amigos National Rehabilitation Center.
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This article was published ahead of print on December 18, 2009, at ptjournal.apta.org. trinsic variability associated with the outcome measure. Because changes smaller than the MDC are likely to be due to measurement variability rather than real change, it is important that the estimated MCID be larger than the MDC for any given outcome measure.
Estimating MCID
Whereas the MDC is the value that exceeds the expected internal variability of a measure, the MCID addresses a more complex concept; it is the magnitude of change in an outcome measure that represents a meaningful change to the patient. Because individuals interpret "meaningful change" differently, depending on a multitude of factors (eg, prior level of function, severity of disability, age, physical environment, time since last measurement), the MCID is a dynamic and contextspecific concept. Thus, derivations of the MCID only estimate the minimum value likely to represent meaningful change for a specific population at a particular stage of recovery. 11, 15 To gain a clear picture of the MCID for different stroke outcome measures, the MCID will need to be estimated for different stages of recovery and levels of severity (eg, ambulators and nonambulators, chronic and acute). Because estimation of the MCID is an iterative process (ie, evolves from multiple perspectives), it is important to begin to estimate the MCID for key clinical outcome measures such as gait speed among people with stroke.
Numerous methods have been described for deriving the MCID. 8, 15, [17] [18] [19] [20] Traditionally, analysis methods have been divided into 2 broad categories: distribution based and anchor based. 17 Anchor-based analyses are considered a more robust method for estimating clinically meaningful change because the measure of interest, in this case gait speed, is compared with an established measure of meaningful change. 14, 15, 21 By comparing the measure of interest with a gold standard measure with established clinical relevance and responsiveness to change, a reliable estimate of meaningful change can be determined. 15, 17 In this study, the MCID was estimated for comfortable gait speed (CGS) of people in the first 60 days poststroke using an anchor-based analysis. Because previous work 5, 6 has identified that improved gait speed is associated with reduced disability, we chose an anchor that could detect change in level of disability. The gold standard anchor used to identify minimal clinically important improvement in disability was the modified Rankin Scale (mRS). 22 The mRS is a global index of disability broadly used as an outcome measure in pharmaceutical, epidemiologic, and behavioral studies of stroke recovery. [23] [24] [25] [26] [27] [28] Although the literature reflects the impact of gait speed on recovery after stroke and its relationship to community ambulation (ie, participation) and level of disability (ie, participation restrictions), there are no studies that have reported the minimal amount of change in gait speed that is expected to improve level of disability for an individual with stroke. Therefore, the purpose of this study was to estimate the MCID of gait speed for ambulatory individuals with subacute stroke using the mRS, an established measure of disability. 27 All participants provided written informed consent to participate, as approved by each site's institutional review board.
Method

Assessment Protocol and Outcome Measures
As part of the LEAPS trial, standardized assessments were conducted by trained assessors at approximately 20 days poststroke (T 20 ) ‡ and at approximately 60 days poststroke (T 60 ). Between T 20 and T 60 , participants did not participate in a research intervention but were engaged in usual care rehabilitation activities in their community. The assessment protocols and methods used to train assessors were published previously. 27 For this study, stroke impairment severity was characterized using the National Institutes of Health Stroke Scale (NIHSS) 29 and the Fugl-Meyer Sensorimotor Assessment upper-extremity (FM-UE), lower-extremity (FM-LE), and sensory (FM-S) domains. 30 Com-fortable gait speed and mRS score were used for the MCID analysis.
Comfortable gait speed. Trained assessors, all licensed physical therapists, measured CGS using a standardized procedure for the 10-Meter Walk Test (10mWT) (see the eAppendix and video at ptjournal. apta.org) previously described in a poststroke walking intervention study. 31 High interrater and intrarater reliability have been established for timed walking tests, including the 10mWT. [32] [33] [34] The walking course consisted of a total of 14 m in a hallway: a 2-m warm-up, 10 m used for the speed measurement, and 2 m for slowing down to a stop. Instructions were provided to the participant to "walk at a comfortable pace." Participants were provided up to maximum assist by one person for balance and stability (but not for paretic-limb advancement). Participants used the assistive device (eg, cane, walker) or orthotic device (eg, ankle-foot orthosis) that they used "most often" (if any) at each time point. Two trials were conducted in succession, with a brief seated or standing rest as needed by the participant between trials.
Modified Rankin Scale. Modified Rankin Scale scores range from 0 (no symptoms at all) to 5 (severe disability) (Tab. 1). When administered without a structured interview, the mRS has high intrarater reliability (weighted kappaϭ.94 -.99) 35 and moderate to high interrater reliability (weighted kappaϭ.71-.91). 35, 36 Numerous studies have established mRS content and convergent validity. 37 Sensitivity to clinically meaningful change has been established for shifts of mRS scores of Ն1 in large prospective studies. 38,39 A standardized procedure was used to determine the mRS score to optimize interrater reliability. Participant mRS scores were determined by the same assessor who conducted the 10mWT. 35 The mRS score was assigned at the conclusion of a standardized 3-to 4-hour assessment. The assessment included measures of impairment (physical and cognitive), functional activities (physical and cognitive), and life participation, all of which affect the mRS score. Additional information required to accurately determine a participant's score was obtained from the participant or caregivers at the assessor's discretion (see the eAppendix at ptjournal.apta.org).
Data Analysis
Descriptive statistics were used to characterize cohort demographics, stroke characteristics, days poststroke, severity of stroke impairment, CGS, and mRS scores. The Student paired t test and the Bowker test 40 were used to identify statistically significant differences between continuous and ordinal measures, respectively.
Estimation of MCID
Improvement in mRS score (shift of Ն1) between T 20 and T 60 served as the gold standard anchor for detecting minimal clinically important change in gait speed. Anchor-based MCID studies can be designed for analysis of data at an individual or group level. 15 Individual-level analyses use statistical tests commonly reported in studies of dichotomous diagnostic tests (eg, receiver operating characteristic [ROC] curve, sensitivity, specificity, likelihood ratios). 15, 17, 41 In this study, these methods were used in conjunction with a Classification and Regression Tree (CART) analysis in a 2-step process.
Step 1: receiver operating characteristic curve. To estimate MCID, the sample population was divided into participants who did or did not experience a "true" change in disability (improvement of Ն1 in mRS score). Individual cutoff scores for change in CGS ranging from 0.01 to 0.78 m/s then were tested to determine their sensitivity and specificity for detecting participants who did or did not experience a true change in disability. Sensitivity represents the percentage of participants who experienced an improvement of Ն1 on the mRS and met or exceeded the estimated MCID for CGS. Specificity represents the percentage of participants who did not experience an improvement of Ն1 on the mRS and failed to meet or exceed the estimated MCID for CGS. Figure 1a and the second column of Figure 1c summarize the formulas for the proposed analyses.
A ROC curve was generated by plotting sensitivity against 1 -specificity for each potential cutoff score. The area under the curve (AUC) and 95% confidence interval (CI) were calcu- Meaningful Gait Speed Improvement Poststroke lated using the SAS (version 9.1) § %ROC macro described by Delong et al 42 to determine the presence of a relationship between change in CGS and shift of mRS score sufficient to estimate MCID. 43 If the lower limit of the AUC 95% CI was Ͼ0.5, the relationship between change in CGS and mRS was considered sufficient to estimate the MCID for CGS. Identifying a sufficient relationship between the 2 variables was the primary purpose of the ROC curve. Traditionally, if a sufficient relationship existed; the ROC curve could be used to qualitatively estimate MCID by visually determining the point on the curve closest to the upper left-hand corner of the graph, which represents the point of optimal sensitivity and specificity. 9, 43, 44 In this study, however, the second step of the analysis provided a more-quantitative method for estimating MCID.
Step 2: Classification and Regression Tree. 
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Within that range, cutoff scores were tested at 0.01-m/s increments. Each cutoff score served as a metric for splitting the data into 2 groups: participants whose change in CGS exceeded the cutoff score and participants whose change in CGS did not exceed the cutoff score. A heterogeneity value (ie, impurity) associated with each cutoff score was computed. The cutoff score with the largest heterogeneity represented the score with the best discrimination of the data (ie, the best MCID candidate). Thus, the cutoff score with the highest heterogeneity value was identified as the estimated MCID.
Next, tenfold cross validation was used to substantiate this estimate. This process involved development of an ancillary cross-validation learning tree (ie, computational modeling) using a randomly selected 90% of our data set. The remaining 10% of the data served as a pseudoindependent data set that was used to validate the estimate generated from the initial 90% (by calculation of a classification error). This procedure was repeated 10 times. The results of the 10 cross-validation procedures were combined to compute a statistical score for determining the significance of the estimated MCID. The CART program will provide a result only if it is statistically significant. Thus, the CART analysis produces a more-quantitative result than the ROC curve analysis.
CART analysis is not probabilistic and, therefore, provides a point estimate but not a CI. Results from the CART analysis were compared with the ROC curve to ensure that the computer-generated cutoff score corresponded to a visual representation of the data. If the 2 models were in general agreement, the cutoff score identified by CART would be considered the preferred method to estimate MCID.
Likelihood Ratios
Finally, to facilitate clinical interpretation and utilization of the MCID value, positive and negative likelihood ratios (LRϩ, LR-) were calculated to characterize the value of the MCID for identifying a meaningful change in level of disability for individual patients. Likelihood ratios combine sensitivity and specificity and were used to determine the likelihood, based on change in CGS, that an individual would experience a meaningful change in level of disability. 44 Specifically, LRϩ was used to estimate the likelihood that a participant who met or exceeded the estimated MCID would actually experience a meaningful improvement in level of disability, and LR-was used to estimate the likelihood that a participant who did not exceed the estimated MCID would experience a meaningful improvement in level of disability. Formulas used to calculate LRϩ and LR-are illustrated in the second column of Figure 1c .
Once likelihood ratios were calculated, a likelihood ratio nomogram 46 was used to determine the probability that an individual similar to the participants of our cohort would experience an improvement in level of disability based upon whether he or she did or did not achieve the estimated MCID for CGS. A nomogram, in this case a likelihood ratio nomogram, is a graphical calculating device.
# Whenever possible, 95% CIs were calculated to demonstrate the precision of statistical analyses (AUC, 42 sensitivity and specificity, 47 likelihood ratios 48 ).
Role of the Funding Source
This work was supported by funding from National Institute of Neurological Disorders and Stroke and the National Center for Medical Rehabilitation Research (RO1 NS050506). The funding source had no role in the design, conduct, or reporting of this study. # The likelihood ratio nomogram is used traditionally to determine the probability that someone has (or does not have) a condition based upon certain baseline characteristics and the likelihood ratio of a diagnostic test. 46 In this case, the tool was used to determine the probability of improved level of disability (improvement of Ն1 in mRS score) based upon likelihood ratios calculated for the estimated CGS MCID. 
Results
Participants
Meaningful Gait Speed Improvement Poststroke Comfortable Gait Speed
Individual gait speeds at T 20 
Modified Rankin Scale
Meaningful Gait Speed Improvement Poststroke
represented in cells below (and to the left of) the blue boxes (nϭ134, 47.3%) experienced a clinically meaningful improvement in function (Ն1 improvement of mRS scores) between T 20 and T 60 . There was a statistically significant shift of mRS category from T 20 to T 60 (PϽ.001).
MCID-ROC Curve
To derive the CGS MCID, the best match between a change in CGS and a change in the gold standard anchor (mRS) was identified. The ROC curve is illustrated in Figure 2 , and the AUC was calculated as 0.69 (95% CIϭ0.63-0.75). The shape of the ROC curve is relatively smooth and difficult to interpret with regard to cutoff scores. Having established a substantial relationship between CGS and mRS scores (AUC Ͼ0.5), we proceeded to CART analysis to derive a specific cutoff score.
MCID-CART Analysis
The CART analysis showed that a CGS of Ն0.16 m/s produced the optimal combination of sensitivity (73.9%, 95% CIϭ65.9%-80.6%) and specificity (57.0%, CIϭ49.0%-64.7%) for detecting improvement in mRS scores among our participants (Fig. 1b and columns 3 and 4 of Fig. 1c ). This cutoff score produced the strongest association to the anchor compared with all other potential cutoff scores. This finding is consistent with the trend presented in the ROC curve.
Likelihood Ratios
The LRϩ for the CGS MCID of 0.16 m/s was 1.72 (95% CIϭ1.39 -2.12), and the LR-was 0.46 (0.33-0.63). Overall, 47.3% of the participants in the cohort experienced a meaningful improvement in disability level. The overall prevalence rate of improved disability (47.3%) served as the estimated pretest probability that a participant would experience a meaningful change in disability. Using a likelihood ratio nomogram, we determined that a participant who met or exceeded a 0.16-m/s change in CGS had a posttest probability of 60% for experiencing a meaningful change in disability (Fig. 3 ). In contrast, those who did not meet or exceed a 0.16-m/s CGS change had a posttest probability of only 29% for experiencing a meaningful change in disability.
Discussion
For people between 20 and 60 days after first-time stroke who are ambulatory but have severe gait impairment (eg, mean gait speedϭ0.18 m/s), we estimate the MCID for gait speed to be 0.16 m/s. We anchored our MCID analysis to the mRS, an Receiver operating characteristic (ROC) curve for the ability of change in gait speed to detect a change in modified Rankin Scale (mRS) scores. The ROC curve provides a visual depiction of the sensitivity (y-axis) and specificity (x-axis) of gait speed cutoff scores for detecting Ն1 level of improvement in mRS scores. Each point along the curve represents a change in gait speed for which sensitivity and specificity were calculated.
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accepted and reliable indicator of disability level. From the patient perspective, walking at faster speeds results in higher levels of participation such as going out of the home for family, recreational, or occupational outings. 6 For the clinician, this reference for meaningful change in gait speed can be used to interpret clinical outcomes, particularly the effectiveness of walking rehabilitation programs.
The mRS is a robust measure of global disability that has convergent validity with the Barthel Index (BI), another common measure of disability poststroke, while avoiding the ceiling effect observed in the BI. 39, 49 Additionally, the mRS is more sensitive than the BI for distinguishing between mild and moderate disability. 39 A recent survival analysis by Huybrechts et al 50 demonstrated the importance of a 1-point shift on the mRS. They found that mRS scores at 3 months poststroke are not only predictive of long-term functional independence but also highly predictive of mortality. For every 1-point improvement on the mRS, participants' life expectancy was statistically significantly longer. Further support that the relationship between CGS and mRS scores is justified and sound is provided by the ROC curve and the associated AUC, which was substantial (Ͼ0.50).
A requirement of valid, longitudinal, anchor-based MCID studies is that time between assessments is sufficient for individuals in the study cohort to experience a clinically meaningful change. 15 We chose to evaluate the time points of 20 and 60 days poststroke because this is a critical time of change when most indi-
Figure 3.
Nomogram graphical representation of the probability that an individual with stroke will experience a meaningful change in disability level. The green line plots the pretest probability estimated at 47% (based on the overall percentage of participants in this study with improved disability level) and the positive likelihood ratio (LRϩ) used when an individual meets or exceeds the minimal clinically important difference (MCID) of 0.16 m/s for comfortable gait speed to determine the posttest probability that the individual has a 60% probability of experiencing an improvement in disability level. The red line plots the pretest probability and the negative likelihood ratio (LR-) used when an individual does not meet the MCID of 0.16 m/s for comfortable gait speed to determine the posttest probability that the individual has only a 29% probability of experiencing an improvement in disability level. Likelihood ratio nomogram adapted and reprinted with permission from the Centre for Evidence-Based Medicine, Oxford, United Kingdom. 61 Meaningful Gait Speed Improvement Poststroke viduals are involved in some form of rehabilitation (ie, inpatient rehabilitation, home health care, outpatient therapy). Indeed, across the 20-to 60-day period poststroke, the participants in our study had a mean improvement in gait speed of 0.21 (0.17) m/s. This represents greater than 100% improvement in mean gait speed from T 20 to T 60 . However, not all participants experienced an improvement in speed or disability level, providing sufficient diversity within the population for a difference to be detected between those who experienced at least a minimal clinically important improvement and those who did not.
Clinical Interpretation of MCID
By defining the threshold for clinically important change, we improve our ability to interpret the value of rehabilitation efforts in clinical settings and randomized clinical trials of intervention effectiveness. Thus, an MCID reference value of 0.16 m/s for gait speed could serve as an explicit therapeutic goal for rehabilitation interventions aimed at improving participation levels for individuals poststroke. Not only are higher gait speeds associated with improved function poststroke, 6 but gait speed also is associated with reduced mortality in older adults. 51 Improvement in usual gait speed has been shown to predict a substantial reduction in mortality, whereas a decline in gait speed predicts increased risk for hospitalization and onset of disability among older adults. 52, 53 Another important aspect of maintaining gait speed and high levels of participation is the established benefits of physical activity to reduce stroke risk. 54 Clearly, people with stroke who are at risk for secondary stroke need to be involved in physical activities such as walking to maintain health and wellness. A valid MCID for gait speed improves not only the clinical interpretation of individual rehabilitation programs but also the clinical significance of intervention studies that may find statistical improvements in gait speed but may not achieve a threshold that is clinically meaningful.
Likelihood ratios incorporate sensitivity and specificity and typically are used to describe diagnostic tests. 46 However, in our study, they provided valuable insight into the interpretation of our results by estimating how likely an individual with subacute stroke is to experience an improvement in level of disability based solely on change in gait speed. Of all participants in our study, 47.3% experienced an improvement in level of disability. For an individual with stroke who has characteristics similar to those of our cohort and achieves an improvement in CGS of Ն0.16 m/s, a nomogram and the LRϩ of 1.72 estimate that this individual has a 60% probability of experiencing a meaningful change in disability level (Fig. 3) . Conversely, an individual who fails to meet or exceed a 0.16-m/s change in CGS has only a 29% probability of experiencing a meaningful change in disability level. Thus, although our MCID estimate for CGS is not a perfect indicator of meaningful change, it provides a valuable reference for identifying meaningful change in clinical and research settings.
What Is the Difference Between MCID and MDC?
Both MCID and MDC provide reference values for interpreting magnitude of change on an outcome measure. The MCID indicates the magnitude of change required to achieve a clinically meaningful change. The MDC indicates the magnitude of change required to exceed test-retest reliability. As mentioned previously, it is important to interpret estimates of MCID in light of random measurement error represented by the MDC. Unfortunately, these 2 measurement constructs may be confusing for the clinician to use and interpret. This confusion is further confounded by studies that do not adhere to optimal design methods for derivation of MDC. 14, 16 For example, the MDC for CGS among patients with stroke was reported in 3 studies, all during the inpatient subacute phase of recovery (number of subjects ranged from 24 to 35 individuals poststroke 
Strengths and Limitations
This study had several strengths. We were able to prospectively follow a large cohort of participants recruited from 5 distinct geographic locations during a time of rapid change in walking recovery poststroke. 2, 58 Data for outcome measures were collected using a standardized protocol by therapists who had completed rigorous training and competency testing. Our analysis included the traditional method of ROC curve analysis combined with a quantitative CART analysis. Finally, the mRS is a robust measure that captures small, but clearly important, changes in global disability. By using the mRS, we are able to understand the smallest magnitude of CGS improvement likely to contribute a meaningful change in disability level for individual patients during the subacute phase poststroke.
Our MCID estimate was 73.9% sensitive and 57.0% specific to improvement in mRS scores. The lack of precision (sensitivity and specificity) of our MCID estimate may be considered a limitation. However, the mRS does not directly correlate with gait speed because it is a global measure of disability. Disability from the individual perspective is a complex and multivariate phenomenon that encompasses more than gait speed.
Thus, gait speed, an activity-level measure of mobility, is one of many variables (eg, arm and hand function, cognition level, emotional impairment, bowel and bladder control, pain) that contribute to mRS score. 59 We consider improvement on the mRS to be a robust anchor for determining CGS MCID because it reflects change on a participation level that is important from the individual perspective.
Another possible limitation is that participants were allowed to use different assistive devices at the 2 time points. Due to the acuity of our participants (meanϭ21.9 days poststroke at T 20 ), we expect that spontaneous neurologic recovery and response to therapeutic interventions are occurring simultaneously. Thus, an ecologically valid (ie, reallife) MCID for CGS would reflect both the expected changes associated with time poststroke (ie, acute, subacute, chronic) 60 and the beneficial effects expected of therapy. That is, we are interested in the real-life change in gait speed regardless of assistive device.
Additional studies are needed to expand our understanding of MCID for gait speed among individuals with stroke. Other anchors also should be used to develop additional estimates of MCID, including measures that directly assess patients' perspective of change. Ideally, over time a relatively narrow range of MCID estimates will emerge that clinicians can use to more definitively understand the minimal amount of change in gait speed likely to represent clinically meaningful change for individual patients. Other subsets of people with stroke also should be studied. For example, in this study, there were insufficient participants with moderate gait speed deficits (Ն0.4 to 0.8 m/s) at initial evaluation to support subanalysis by gait speed severity. Likewise, people who were able to walk at speeds of Ͼ0.8 m/s were excluded from the study. The MCID needs to be determined for people with stroke across various time frames and levels of severity.
Conclusion
We 
